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tflND-TUNNEL TESTS OP SEVERAL ARRANGEMENTS 
OF EXTERNAL AUXILIARY FUEL TANKS ON 
A FIGHTER-TYPE AIRPLANE 
By Edward Pepper 

SUMMARY 



An investigation was conducted In the NACA 19-foot 
pressure tunnel to determine the aerodynamic effects of 
several arrangements of external auxiliary fuselage and 
wing tanks of large fuel capacity on a fighter-type air- 
plane. Model tank arrangements of several configura- 
tions designed to held 150 to 350 gallons of fuel were 
attached to a typical fighter-type airplane model for 
this invest i gat ion « One tank arrangement tested, of 
350-gailon fuel capacity, consisted of rectangular cross- 
SOCtlon fuselage and wing tanks mounted flush against 
the under surface of the airplane model. The other 
tank arrangements tested were hung under the fuselage 
and wing surfaces of the model by single struts, They 
were of circular cross section and of two sizes, designed 
for 150-gallon and 300-gallon fuel capacity full scale. 

The rectangular tank arrangement of 350-gallon fuel 
capacity has the greatest adverse aerodynamic effect on 
the airplane and is the least desirable of all the con- 
figurations tested. The circular wing-tank arrangement 
of SQ0«- gallon fuel capacity is not so desirable aerody- 
namically as either of the circular fuselage*- tank 
arrangements inasmuch as interference effects between 
the wing surface and the tanks may become large with 
small intervening space. Flap and aileron deflections 
may aggravate this effect. The circular fuselage- tank 
arrangements of 150-gallon and 300-gallon ftiel capacity 
showed the least effect on the aerodynamic characteristics 
of the airplane with a change in the maximum value of 
lift-drag ratio from 2.0 to 4.8 percent, respectively. 
Tank angles of incidence and vertical distances from the 
adjacent airplane surfaces, within reasonable limits, had 
a negligible effect. 
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Fonc of the tank conf igurat ions tested had an 
appreciable effect on the longitudinal stability when 
the normal fixed center of gravity of the airplane was 
Used as a reference* The angles of trim changed slightly 
but no definite trend was ascertained. 



INTRODUCTION 



External auxiliary fuel tanks of large capacity, 
which may he appended to the airplane without materially 
affecting its aerodynamic characteristics, are of great 
interest as a device for increasing range. Several 
military fighter airplanes now in service have flown 
with external auxiliary fuel tanks of snail capacity 
for this purpose* 

This paper presents the results of tests made in 
the FA OA 19-foot pressure tunnel of several arrangements 
of model external auxiliary fuel tanks with full- scale 
capacities from 150 to 350 gallons. Hange, take-off, 
and clime are not included in the discussion "because 
each airplane requires a unique solution depending upon 
propulsive efficiency, specific fuel consumption, amount 
of fuel load, altitude of operation, aerodynamic charac- 
teristics of the airplane, and power characteristics of 
the engine, etc. It is the purpose of this paper to 
show, primarily, the effects of the specific fuel-tank 
arrangements investigated on the aerodynamic character- 
istics of the airplane model. The tanks were tested at 
various vertical distances and angles of incidence rel- 
ative to the chord line of the wing. The results are 
indicative of the trends that may he expected with sim- 
ilar installations on other pursuit and fighter types 
of airplanes. 



MODEL AND TESTS 



Several arrangements of external auxiliary fuel 

tanks were tested on the — scale model of the Vou^ht- 

2 , 7 5 1 & 

Sikorsky r4 T J-l airplane in the 19-foot pressure tunnel. 
(See figs. 1 to 4.) This airplane model was chosen 
"because of its availability and because it represents 
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a topical fighter-type airplane. The general view of 

the model given in figure 1 shows the method of mounting 

in the wind-tunnel test section, General dimensions are 
given in figure 5, 



I Sanfes- .Q> re ctangular cross section , - Models of a 

rectangular fuselage tank of 200-gallon capacity and of 
two smaller rectangular wing tanks of 75-gallon capacity 
were attached to the airplane model flush with the under 
surfaces of the fuselage and wings, respectively. The 
general proportions of these tanks are rectangular when 
viewed from the front as shown in figure 1. This arrange- 
ment was suggested by the Army Air Forces* Materiel Com- 
mand. The principal dimensions of these tanks and their 
positions on the model are given in figures 5, 6, and 7. 
The wing tanks were placed 57.5 inches from the center 
line of the airplane model. IJo fillets were used between 
the tanks and the airplane surfaces. 

ILank s _ o f c i r cu lar cros s section ,- Models of a large 
fuselage tank of circular cross section and two smaller 
wing tanks of similar shape designed to hold 300 and 150 
gallons, respectively, were attached to the model by struts 
as shown in figures 2, 5 f and 4, These tanks are similar 
bodies of revolution, ellipsoidal in shape from the nose 
back to 70 percent of the total length, and then tapering 
conically to the trailing end with a fineness ratio of 6. 
The principal dimensions of these tanks and their positions 
on the airplane are given in figures 8, 9, 10, and 11. All 
the attaching struts have a cross-sectional shape similar 
to the longitudinal cross section of the tanks, with a 
length of 9.5 inches. ffo fillets were uoed at the places 
of attachment of the struts 



wing tanks were also placed 57.5 inches spanwiso 
from tho center line of tho model. The vortical position 
of the large fuselage tank (300-gaL capacity) Or as such 
as to insure ground clearance with the shock absorbers 
and tires fully deflected in the three-point attitude. 
Three tank angles of incidence were tested in this posi- 
tion. The tank was then raised approximately one-third 
its diameter and again tested at three angles of incidence. 
The small fuselage tank (150-ga! capacity) was tested at 
the same vertical positions as the large tank relative 
to the tank center line, hut for only one angle in each 
position. The wing tanks (150-gal capacity) were tested 
at two vertical positions and two angles of incidence at 
each position. The distance from the lower surface of tho 



wing to the center line of each tank at the hinge point, 
for the first position, was approximately the maximum 
diameter of the tank* Bach tank was raised about one- 
third its diameter for the second position* The tanks 
were turned inboard 2° relative to the plane of symmetry 
so as to face directly into the resultant wind stream 
in cruising flight for each position tested. 

Tes conditions* - The tests were made in the NACA 

13-foot pressure tunnel at atmospheric pressure and at a 
dynamic pressure of approximately 25 pounds per square foot. 
The test Reynolds number based on the mean aerodynamic chord 
of the Wing was approximately 2,500,000,. 

Te.s t procedure* r {a all t he run s , lift, drag, and 
pitch ingrmom ent measurements' were made through an angle-of- 
attack range from -4° through the stall* The several con- 
figurations tec ted (see table I) differ only in tank ar- 
rangement, The runs v/ere made without po^er and with the 
airplane control surfaces locicod in the neutral position. 



RESULTS AND DISCUSSION 



The results of the tests of the several arrangements 
are stigmatised in table I for values of lift coefficient 
of 0 # 2 and 0,5, which correspond approximately to the high 
speed and the cruising speed of the airplane * respectively. 
Figures. 12 to 16 are typical plots Showing variation of 
lift, ar ag v and pi tchiug-m orient coefficient s for the gen- 
eral arrangements tested including the plain model • 

Symbols 
lift coefficient (L/qS) 
drag coefficient ( D / q. S ) 

pi tching-momont coefficient about center of 

gravity (M/q.Scf) (can ter-of-gr avity location 
. used is 6 9 80 in, above and 2.8? in. behind 
model support points when geometric angle 
of attack of ying is 0°). 

ratio of lift to drag 

difference between drag coefficient of model 
With tanks and that of. plain model 



CD 

Cm 

L/D 
AC D 



5 



AC-n drag coefficient of tank arrangement "based 

cn total frontal area cf tanks [ AC]) ( S/ S T )] 

AD tank arrangement drag increment at 100 miles 

per hour, pounds 



t v/hore 



L lift 
D draE 

M pitching moment 

q dynamic pressure in undisturbed stream, pounds 

per square foot 

5 win^ area. (41c 6 sq ft) 

Srn total frontal area of tank arrangement, 

square feet 

"c mean aerodynamic chord (2,85 ft) 

and 

a geometric angle of attack of root chord corrected 

for jet-boundary interference effects, degrees 

0 angle between chord line of wing and center line 

of circular tank, degrees 

d distance between lower surface of the airplane 

and center line of tank, inches 



Drag 

Re c t an gu 1 a r t a n k s « - The rectangular tank arrangement 
is the least desirable of the arrangements tested* The 
values of ACj} for this arrangement were more than 200 
percent higher than these values for any of the other 
arrangements invest igated. For a change in the value; 
of Cl from 0 C 2 to 0.5, ACp. showed a greater variation 
for this arrangement than for any other; it changed from 
0.0054 to 0.0064o This result was due- to the fact that 
the minimum drag occurred at a lower value of lift coef- 
ficient for the rectangular tanks than for the other con- 
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f ig\ira t ions tested. iPiglzre 17 shows variations of the 
tank-arrangement drag coefficient based on the total 
frontal area, 

Circula r tanks .- The circular fuselage-tank arrange- 
ments have the smallest values cf AC^. The large circular 

tank gave slightly higher values than the small circular 
tank but it (aust be remembered that it has twice the fuel 
Capacity* The tank angles of incidence and vortical pos- 
ition had small effects on the values of £C;j obtained 
for each arrangement . The circular wing-tank arrangement 
had slightly more drag than the fuselage tanks, and this 
result may be due to interference effects "between the 
tanks and the w|mg surfaces. It would seem mere desirable 
to have the vertical distance cf the wing tanks as large 
as feasible to avoid these interference eff ects t which 
may be large with the ailerons or flaps deflected. A 
small improvement would be expected with fillets between 
the struts and attached surfaces. 

figure 17 shows the variation of the drag coeffi- 
cients of the several tank arrangements basedon their 
total frontal area with the lift coefficient of the air- 
plane. The frontal areas of the circular tanks of various 
lengths are given in figure IS. 



Maximum Lift Coefficient 

The rectangular tanks decreased the value of the 
maximum lift coefficient of the plain air-plane model 
from approximately 1.40 to 1.29. The values of maximum 
lift coefficient for the circular tank were not decreased 
so much, as they all fell in a range of from 1.32 to 1.35 
with the exception of two arrangements, one of the large 
circular fuselage tank and one of the circular wing-tank 
arrangement, which gave values of CL ma * of U36 and 
1.31, rospectively, (See table I.) Inasmuch as all 
maximum values of Gl obtained fell within these limits 
it may be said that the addition of any arrangement of 
tanks had a small effect on the maximum lift coefficient 
of the plain airplane. The averse decrease is about 
4 percent. This decrease would indicate a slight effect 
on the landing speed with tanks empty and with flaps and 
controls properly set. 
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Maxiiaum l/d 

The percentage change of the maximum value of l/d for 
the airplane when tanks are attached will not neces- 
sarily be the same for an y other fighter -type airplane. 
The maximum values of L/D of the model tested varied .from 
14.16 for the airplane v/ithout tanks to 11.94 for the air- 
plane with rectangular tanks 9 The addition of the rec- 
tangular tanks lowered the maximum value of L/D by 
15.7 percent. The addition of the circular fuselage 
3) tanks lowered the maximum value of L/D by 9 percent 

for the best arrangement . The values of d and 
of the circular fuselage tanks had small effects on the 
maximum values of L/D« The best arrangement of circular 
wing tanks lowered the maximum value of L/D 4,8 
percent # Here again chances in the values of d and 
0 had little effect on the c.u\nge of (L/E) ax » The 

optimum arrangement of circular wing tanks, with the tanks 
farther away from the wing surface and at approximately 
zero angle of attack at the cruising condition (d m 8.16 
in* and 0 = 6 , 0 0 ) shotted slightly better aerodynamic 
characteristics, however, than the other circular wing- 
tank arrangement s • 

The results of these tests show that the addition 

of external auxiliary fuel tanks for any conventional 

fighter airplane should increase the range from 2500 
to 3 500 miles. 



Longitudinal Stability 

C e n t e r - o f - g r a v i t y 1 oc at i on . - The tanks of rectan- 
gular cross section were attached to the airplane model in 
a manner suggested "by the Army Air Forces, Materiel Command, 
The cent er-of -gravity location for erch of these tanks 
fully loaded is shown in figure 5, The normal center of 
gravity of the plain airplane would be lowered and moved 
rearward with the addition of those tanks, Figures 9 and 
10 show the cent er-of- gravity location of the circular 
cross-section tanks fully loaded relative to the normal 
fixed center of gravity of the plain airplane. All the 
circular tanks were so attached that their oonter-of- 
gravity positions were directly under the center of gravity 
of the plain airplane at the high-speed condition for all 
the configurations tested. The position of the resultant 
center of gravity would thus "be lowered and moved ahead 
with the airplane flying in the region cf (L/D) m ^ v with 
tanrcs full* This condition would tend to increase the 
negative values of dC ro /dOj and would therefore give more 
longitudinal stability. The resultant cent er-of -gravity 
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location will vary with the weight of fuel in the tanks. 
This effect will depend upon thi geometry of the tank 
ins tallat ion , As the. weight ox the fuel is diminished 
during flight , the edfcter— of -gravity location will move 
forward if the tanks are pointed downward and rearward 
if the tanks are pointed upward, If this of foot is 
serious in any installation, a suggested remedy would be 
to divide the tanks into several compartment s ♦ The fuel 
could thus "bo drained simultaneously and progressively 
from each end to the center of the tanks • The determina- 
tion of the cent er-of-g.v;- vi t y location of the complete 
airplane with external auxiliary fuel tanks involve other 
weight variables such as the weight of the empty tanks 
and the necessary additional structure for attachment, 
which are matters of specific design. 

Pi tc hing -m orie nt c o ef f ic i ont j . - The t ypical pitching- 
moment-coefficient curv?s presented in figures 12 to 16 
have teen referred to the fixed' normal center of gravity 
of the plain airplane to facilitate comparisons of the 
aerodynamic effects on the airplane longitudinal stability 
due to the addition of external auxiliary fuel tanks. 
There is no appreciable change in dC^/dCW because of the 
addition of the tanks. The trim angles vary, however, 
but no definite trends are apparent. 



CONCLUSIONS 

1« The rectangular tanks were the least desirable 
of the tank arrangement s investigated because of compara- 
tively large adverse aerodynamic effects on the airpiane, 

2. The circular wing tanks shoved $ tendency to 
decrease the maximum value of the 1 if t~drag ratio with 
a decrease in the distance between the wing surface and 
the tanks. This effect was apparently due to interference 
and may become more pronounce! with flap and aileron de- 
flections, 

Z. The circular fuselage tank angle of incidence 
and vertical distance from the airplane surface, within 
reasonable limits, had a negligible effect on the aerody- 
namic characteristics of the complete airplane. 

4. The addition of circular fuselage tanks of 150- 
gailon and cOQ-gallon fuel capacity lowered the maximum 
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value of the lift-drag ratio of the airplane from 2.C to 
4.3 percent, respectively. Those tank arrangements aro 
considered t lie most desirable of the configurations 
investigated. 

rH 

i> 

t$ 

^ Langlejf Kern o rial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lan^lcy Field , Va. 
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Q d, distance from airplane lower surf ooe to center of gravity of the tank. 
b (p, angle between center line of tank and chord line of w/ng. 

c Cn-r-j drag coefficient of tank arrangement oaeed on frontal area of tanks. 
^ AD, tank arrangement t drag incr ement at IOO mph. 
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Figure 3.- Airplane model with the small circular external auxiliary fuel tan* 
under the fuselage. 




Figure 4.- Airplane model with the circular external auxiliary fuel tanks under 
the wing. 
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P/on one/ e /e vat/on v/'ews of the / r 4U-/ o/'rp /one. mode/ with the 
rectonyu/or externa/ auxi/fory fuel tonAs. 
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Figs. 6,8 
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Figure 8 - Sketch showing genera/ dimensions of the circular tanks. 
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Eiqure 1- P/on and elevation views of the large rectangular externa/ auxiliary fuel tank 
for the fuse /age. 
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ore 9.~ P/on u/>d t/tvutior? v/'&ws of the oirplor>v mocje/ with the lorae circular external 
oux/iiory fuel tank for ///c f uveloye. 
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Figure IO. " Plan and v/evaf/on views of the airplane model with /l?e small circuhr externa/ Quxiliary 
fuel tvnA for the fuse/ayo. 
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Figure //.- P/an one/ e/evaf/or? v/ews of the Q/rp/one mode/ w///? //?& circu/or externa/ oox//iary fue/ 
far?ks for /he w/ng . 
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Figs. 14,15 
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